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(54) COLLECTOR WITH ENERGY RECUPERATION 

This invention relates to electron superhigh-frequency devices that use electron 
energy recuperation in a collector. 

In the known collectors with energy recuperation, the electrodes of the collector with 
a lowered potential, as a rule, are not completely in vacuum, and the cooled side of these 
electrodes is exposed to the atmosphere [1]. 

This results in high-frequency radiation out of the device into free space; there has to 
be protection from high voltages; and hydro systems have to be used (during liquid 
cooling), which become larger and heavier the higher the supply voltages are, and they 
are rather awkward to use. 

There is also a collector with energy recuperation for electro-vacuum devices, 
comprising insulators and current absorbing surfaces. 

The collector is a system of insulated electrodes and conductors used to supply the 
potentials, where electrodes with current absorbing surfaces, bombarded by the electron 
beam and fixed to the dielectric insulators (ceramics), are placed inside one of the 
electrodes, which is part of the vacuum envelope and equipped with coolers [2]. 

One of the most serious drawbacks of this type of collectors is the need to use special 
measures to prevent transfer of mechanical stress created because of the difference in the 
thermal expansion coefficients of the ceramics and of the material the collector is made 
of. It makes the system complicated and reduces the surface of mechanical and thermal 
contact of the most heat-loaded part of the collector — current collector with the surface 
undergoing cooling, which, in turn, increases the specific power of dissipation and 
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decreases the reliability of the collector, especially during cycle operation. Thus, for 
example, after a series of thermo cycles, these devices do not pass mechanical tests. 

The object of the present invention is to increase reliability of the collector and to 
simplify its construction and to make it smaller and lighter. 

This object is achieved when the current absorbing surfaces are implemented as a 
layer of electrically conductive material applied to the inner surfaces of the insulators. 

The drawing shows the most typical single-stage electron collector where current 
absorbing surfaces are implemented according to the proposed invention. 

The drawing shows a vacuum envelope 1 of the device, an energy outlet 2, interaction 
space 3, an insulator 4, part 5 of the vacuum envelope of the device 5, where the insulator 
4 is fixed, a current absorbing surface 6 combined with the inner surface of the insulator, 
made as a layer of the electrically conductive material applied to the inner surface of the 
insulator 4, a protective airtight coating 7, a conductor 8, and a cooling system 9. 

A layer of electrically conductive material, e.g., copper or graphite, is applied to the 
inner surface of the insulator 4, e.g., by brazing, spraying, or electrolysis, by depositing 
on the conductive backing, thus creating the current absorbing surface. The insulator is 
placed in the collecting section of the vacuum envelope 5. Voltage is applied to the 
current absorbing surface 6 by the conductor 8, which has an electric, e.g., soldered, 
contact with the surface. The heat is removed from the collector surface with the cooling 
system 9. The airtight coating 7 makes the system hermetic. 

Similarly, more complicated systems with a greater number of stages could be made. 

The operation of this collector is similar to the operation of the known collectors, but 
has a number of significant advantages. In the proposed system, the electrode, bombarded 
and heated by electrons, implemented as an electrically conductive coat applied to the 
inner surface of the insulator 4, basically does not affect the ceramic insulator during the 
cyclic heating and cooling. 

By combining the surface bombarded by electron beam with the inner surface of the 
insulator, the weight and size of the proposed collector are considerably smaller than in 
the prior art; the construction and manufacturing of the collector are simplified since 
there is no need to fix (solder) the inner electrodes to the insulator and there are no 
electrodes (the conducting coat acts as electrodes). 



To prevent the formation of reflected and secondary electrodes, it is recommended to 
make the coat rough and out of material with a low coefficient of secondary emission. 

The choice of thickness of the electrically conductive coat may be determined 
optimally, based on the specific conditions and depends on the coat material and energy 
of electrons which determine how deep electrons penetrate into the material, and also in 
case of the pulsed regime of operation, on the duration of a pulse, which, in addition to 
the characteristics of the material, also determines the size of the "thermal skin-layer." 

Other technical and economic advantages of the proposed system are as follows: 
elimination of the hydro systems during multi-stage recuperation or when cooling a 
single-stage collector and the device itself; high-frequency radiation out of the device into 
the free space is eliminated; and operational safety is increased. 

Besides, the device is more reliable during multiple cycle heat loads; construction and 
manufacturing of the device are simplified since the most up-to-date methods of mass 
production (as in printed circuit board production) are used here; and the weight and size 
of the device are decreased. 

The proposed collector is especially promising in miniature, powerful, superhigh- 
frequency devices which operate under rigorous mechanical and temperature conditions, 
in particular, in disposable devices. 



CLAIM 

A collector with energy recuperation for electro-vacuum devices, having insulators and 
current-absorbing surfaces, said collector having current-absorbing surfaces which are 
implemented as a layer of electrically conductive material applied to the inner surfaces of 
the insulators for increased reliability and simplification of the construction of the 
collector. 
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H306peTeHHe OTHOCHTCH K 3-ieKTpOHHbIM 
C BCpXBbl COKOM 3 CTOTH b! M npHfiOpaM, HCflOJIb- 

3yiouiHM peKynepaiiHio 3HeprHH ajieKTpoHOB Ha 
KOJiJieKTope. 

B H3BCCTHbIX KOHCTpyKUHHX KOJIJieKTOpOB 

c peKynepauHeA 3JieKTpoiu>i KcnJieKTopa c no- 

HH>K6HHbIM riOTCHUHaJlOM, K3K npaBHJIO, Ha- 

xoahtca b BaKyyMe He no;iH0CTbio,- h oxjia>§<- 
flaeMaw CTopoHa 3thx sjigktpoaob conpHKa- 
caeTCH c aTMocc})epoft [J]. 

3TO npHBOAHT K BblCOKOMaCTOTHOMy H3JIV- JQ 

MeHHio H3 npndopa b CBo6ojoiHoe npocTpaHCT- 

BO, K .HeofiXOilHMOCTH 3aiUHTbt OT BblCOKHX 

Hanps^KenHfi, a raKJKe Tpe6yeT npHMeHeHHH 

THApOpa3BH30K (B CJiyHae >KH/lKOCTHOrO OX- 

jiawiieHHH), HMeioiuHx tcm 6ojibiijHft Bee h 
ra6apHTbi, MeM bwluc nHTaioiuHe Hanpfi>KeHHH 15 
KOJi^eKTopa, h Kpaite Heyao6Hbix ajih sKcruiy- 
aTauHH. 

H3BecxeH TaK>Ke Ko-ruieKTop c peKynepa- 
UHefi 3HeprHH RJ\n 3.ieKTpoBaKyyMHbix npw6o- 

POB, BKJIIOMaiOLUHH H30JIflT0pbl H TOKOBOCfipH- 20 
HHMaiOLUHe nOBepXHOCTH. 

Kon^ieKTop npeacTaB-ifleT H3 ce6s\ cHCTe- 

My H30^HpOBaHHb!X 3.ieKTp0A0B H npOBOxlHH- 

kob a^h BBOna noTeHUHa.iOB, npHneM 3-ieKTpo- 



Abl C TOKOBOCnpHHHMaiOlUHMH nOBepXHOCTHMH, 

6oM6apjuipyeMbiMH 3.ie KTpo h h bi m hvmkom, 3ax- 
pen.ieHHbie Ha ^HS^eKTpHKecKHX H30JiHTopax 
(KepaMHKa), 3aK.i>oMeHbi BH>Tpn oaHoro 3,ieK- 
Tpo.ua, HB.a«ioiiieroc» MacTbio BanyyMHofi 060- 
jiomkh npH6opa h cHa6>KeHHoro epeacTBaMH 
a-hh oxjia^aemia [2] . 

OaHHM H3 ca.viwx cepbe3Hbix HeaocTaTKOB 
Tanoro Tnna KOJi.neKTopoB hb.t weTCw Heodxo- 
AHMOCTb npHMeHeHHH cneuHa-ibHbix Mep, npe- 
AOTBpamaiOLUHX nepeaaMy MexaiiHMecKnx Ha- 
npa>KeHHfi, B03HHKaiomHX BcneacTBue pa3- 
jihmhb K03(()<t)HUHeHT0B Te.MnepaTypHoro pac- 



Kan^eKTopa, mo BeaeT k ye.io>KHeHHK> koh- 
CTpyKUHH h yMeHbiueHHio noBepx hocth Mexa- 
HHMecKoro, a, ejie^oBaTe^bHO, h Ten^oBoro 
KOHTa KTa Han6o*nee Ten.noHarpy>KeHHoft uacTH 

KOJIJieKTOpa-TOKOnpHeMHHKa C nOBepXHOCTbK) 

noiiBepraioiueftcw oxjiamaeHHio, mto b cboio 

OqepCAb npHBOAHT K B03paCTaHHK) VAeJlbHOH 
MOIUHOCTH paCCCflHHH H CHHWeHHK) HaAOKHOC- 

th KOJiJieKTopoB, oco6eHH0 npH pa6oTe npH- 
6opoB b uMKJiHMecKHX pe>KHMax. TaK, HanpH- 
Mep, noc/ie cepnn TepMouHicioB npH6opbi Ta- 
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Koro ™na He B biiiep>KHBaioT MexaHHMecKHx 

UeJib npeiwaraeMoro H3o6peTeHHH HBAaeT- 
ch noBuuieHHe hsachchocth KOiuieKTopa h 
ynpomeHHe ero KOHCTpyKUHH c oahobpcmch- 
hwm CHHJKeHHCM Beca h ra6apHTOB. 

OHa AOCTHraeTCH TCM, MTO TOKOBOCnpHHH- 

MaiomHe noBepxHOCTH BbinonHeHbi b BHAe 
caoh 3JieKTponpoBOA«mero MaTepnaAa, HaHe- 
ceHHoro Ha BHyTpeHHHe noBepxHOCTH hsoah- 

TOPOB. 

Ha nepTewe H3o6pa>KeH H3H6oAee THnHM- 
huA oAHOcrryneHHaTbifi koaacktop sAeicrpo- 
hob no 4>opMe TOKOBOcnpHHHMaiomHX noBepx- 
HOcrrefl»BbinoJiHeHHbift corAacHO npeA^araeMO- 

My H306peTeHHK> 
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crpyKUHH KOAAeKTOpa h TexHOAorna ero H3- 
roTOB/ieHHfl, TaK xak OTcyTCTByej hco6xoah- 
MOCTb 3aKpenjieHH« (naflKH) BHyTpeHHHX 3JieK- 

TpOAOB K H30J]HTOpy H OTCyTCTByiOT CaMH 3TH 

3^eKTpoAw (hx pojib BunojiHHeT npoBOAHiuee 
noKpbiTHe) . 

Hah ycTpaHeHHH o6pa30BaHHR ynpyro ot- 

pa>KeHHbIX H BTOpH4HblX 3AeKTpOAOB nOKpbl- 

THe peKOMeHAyeTCH BbinoAHHTb uiepoxoBSTbiM 

H H3 MaTepHaJia C HH3KHM K03<|)C|>HUHeHTOM 
BTOpHMHOfi 3MHCCHH. 

Bw6op mniUHHbi 3JieKTponpoBOAflmero no- 
KpwTHH MO>KeT 6uTb ocymecrBAeH 0nTHM3Ab- 

HbIM 06p330M, HCXOAH H3 KOHKpeTHblX yCAO- 
BHH H 33BHCHT OT MSTepHaAa nOKpblTHH H 

SHeprHH aJieicrpoHOB, KOTopwe onpeaejiHioT 



H306peTeHHK>. RflKVVMHa „ o6o - 15 nny6HHV npOHHKHOBCHHH 3^eKTpOHOB B Be- 

Ha Mepre^e H3o6pa*<eHa MKj^Haa . ooo ray y T3K>Ke, b cnynae HMny/ibcworo pe- 



jiOMKa 1 n P H6opa, buboa 2 SHeprHH, npocir 

paHCTBO 3 B3aHMOAeftCTBHH, HSOAHTOp 4, 

qacTb 5 BaKyyMHOH o6oaomkh npH6opoB 5, b 

KOTOPOH 33KpenJieH H30J1HTOP 4, TOKOBOCTipH- 

HHMaioiuafl noBepxHOCTb 6, coBMemeHHaa c ^ 
BHyrpeHHefi noBepxHOCTbio nsoAHTopa, BbinoA- 
HeHHan b BHAe caoh 3AeKTponpoBOA*iuero Ma- 
repna^a, HaHeceHHoro Ha BHyTpeHHioio no- 
BepxHocTb H30JiHTopa 4, saiuHTHoe repMeTH- 
3Hpyiomee noKpwTHe 7, npoBOAHHK 8, cHcre- 
Ma 9 oxJia>KAeHHfl. 

Ha BHyTpeHHK)K> nOBepXHOCTb H30A5TTOpa 4, 

HanpHMep, B>KHraHKeM, pacnwAeHHeM hah 
3jieKrpoAHTHMecKH, nyTer* oca>KAeHHH Ha npoBo- 

AHlUyK) HOAAO>KKy, H3HOCHTCH CAOfi 3AeKTpO- 

npOBOAHiuero MaTepnajia, HanpHMep, mcah 
hah rpa4)HTa. TaKHM o6pa30M o6pa3yeTC* to- 

KOBOCnpHHHMaiOlUaH nOBepXHOCTb. H30AHT0P 
33KpenAHeTCH B KOAAeKTOpHOft M3CTH. B3Ky- 

ymhoh oSoaohkh 5 npH6op3. FIoAaqa Hanpa- 
xceHHH Ha TOKOBOcnpHHHMaioiuyio noBepx- 



uiecTBO, 3 T3K>Ke, b CAyqae HMny/ibCHoro pe- 

XCHMa, OT AAHTeAbHOCTH HMnyAbca, KOTOpblH 
HdpHAy C Xap3KTepHCTHK3MH M3TepH3A3 On- 

peAeAaeT bcahmhhy «TenAOBoro ckhh-caoh». 
K TexHHKo-sKOHOMHMCCKHM npeHMymecT- 

BaM npeAA3r3eMOH KOHCTpyKUHH cAeAyeT 
OTHeCTH TO, MTO yCTp3HCH3 Heo6xOAH MOCTb 

npHMeHeHHH rHApopasBHSOK npn MHorocTyneH- 
uaToft peKynepauHH hah oxA3>KAeHHH oaho- 
CTyneHqsToro KOAAeKTOpa cobmcctho c ox- 
25 jia>KAeHHeM Kopnyca npn6opa; ycTpaneHO bw- 
coKonacTOTHoe H3AyqeHHe H3 npH6opa b cbo- 
6oAHoe npocTpaHCTBo; noBwujeHa 6e3onac- 
HOCTb pa6oTbi c npH^opaMH. 

KpoMe Torc^ noBWiueHa HaAe>KHOCTb rtpHOo- 

pa no OTHOUjeHHK) K MHOrOKpaTHbIM UHKAHMeC- 

khm TenAOBbiM Harpy3K3M; ynpomeHa koh- 

CTpyKUHH H TeXHOAOrHH H3PQTOBAeHHH npHOO- 

pa, Tax Kan npn ero hstotobachhh npHMeHHioT- 
ch HaH6oAee coBpeMeHHwe mctoaw MaccoBo- 
ro n doh 3 bo actb a , oTpa6oTaHHbie npH npOH3- 

^.trju/auu nor li ra- 
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HHKa 8, HMewmero c Heft aneKTpHiecKHft, Ha- 6a P HTb. KCWiJieKTopa. 
npHMep. naaHHwfl koht3KT. C-beM renJia c no- 
BepxHOCTH KOJiJieicropa nppHSBOAHTCH c no- 
MoiUbK) cHCTeMbi 9 ox-naJKAeHHH. Rjin aamHTU 
or KJiHMaTHMecKHX BoaaeficTBHft npeAycMOTpe- 
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' rl l Da v|/mi 

IlpHMeHeHHe npeA^arseMoro koaacktops 
oco6eHHO nepcneKTHBHO b MHHHaTiopHbcx moiu- 
hwx npn6opax CBM-AHanasoHa, 3KcnAyaTH- 

pyeMWX B yCAOBHHX >KeCTKHX MexaHHMecKHx 

h TeMnep3TypHbix Harpy30K, b qacTHo th, b 

npH60paX p330B0r0 AeflCTBHH. 



45 



<PopMyAa u3o6perenuH 

KoAAeicrop c penynepauHefi 3HeprHH aah 
3J]eKT p 9ff? iryyMHKjy — npHfiopoB , — BK . rTKmaior i iHH 



ho repMeTH3HpyK>mee noKpwTHe 7. 

AHdAOrHMHbCM 06pa30M MOryT 6bITb Bbl- 

noAHeHbi h doAee cAO>KHbie KOHCTpyKUHH kojt- 
AeKTopoB c CoAbuiHM KOAHuecTBOM cryneHefl. 

Pa6oTa npeA^iaraeMoro KOAAeicropa b npH- 
6ope HHHieM He ota h 4 a eTCH ot pa6oTbi o6wq- 

cymecTBeHHbix npenMymecTB. TaK B npcwa H3an« I TAUHCUOuX uac* Te M , mto, c ueAbio no- 
raeMoft ^^S^mTSS^ "S^^^!^ ^ ynpoiueHH, KOHCTpyx- 

pyeMwft h HarpeBaeMHH 3A eicrpo h 3mh, ewno^ K OAAeKTOpa TOKOBOcnpHHHM3K>mHe no- 

npaKTHuecKH He oKaauBaer MexaHHMecKHx bo3- 
fleficTBHft Ha KepaMHMecKHfl hsohhtop npH uhk- 
jiHwecKOM HarpeBe h oxJiawAeHHH. 

Bec h raOapHTbi. npe/uiaraeMoro KCWiJiex- 
TO pa aa cuer coBMemeHHH noBepxHOCTH. 6om- 55 
6apAHpyeM0ft aJiexTpoHHUM hptokom c BHyr- 
peliHeft noaepxHOCTbio H3<wiHTopa cymecTBeH- 
ho HHwe, MeM b npoTOTHne, ynpomaeTca koh- 



npoBOAHiuero MaTepHaAa, HaHeceHHoro Ha 

BHyTpeHHHe nOBepXHOCTH H30AHTOpOB. 

HCTOHHHKH HH<|>OpMaUHH, npHHHTbie BO BHH- 

MdHHe npH 3KcnepTH3e 

1. naTeHT CUIA Ke 3368104, ka. 315—5, 
1968. 

2. ABTOpCKOe CBHAeTeAbCTBO CCCP 

Mb 249494, 101. H 01 D 23/16, 1967. 
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